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(54) Coordinatable system of inclined geosynchronous satellite orbits 



(57) A coordinatable system of geosynchronous 
(24-hour), inclined, and slightly elliptical satellite orbits 
enables spectrum re-use by forming "highways" of mov- 
ing "slots" in the latitudes above and below the geosta- 
tionary (GSO) belt world-wide. Each of a plurality of 
repeating ground tracks (12) is shared by multiple satel- 
lite orbits (and thus slots). These are phased to achieve 
minimum specified angular separation from other slots 



using the same frequencies. Ground track (and thus 
orbital) parameters are chosen to realize specified 
shapes and are located at specified longitudes of sym- 
metry to maximize the total number of slots. Considera- 
tion is given to specified constraints on service area 
coverage, elevation angle, and time coverage. 
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Description 
Technical Field 

This invention relates generally to coordinatable s 
systems of geosynchronous satellite orbits and particu- 
larly to such systems wherein planes defined by the sat- 
ellite orbits are inclined with respect to the Earth's 
equatorial plane and wherein the satellites are respec- 
tively phased in a systematically coordinated fashion 10 
that enables and promotes frequency re-use. 

Background Art 

Satellites in geostationary orbits (GSO's) have 15 
been widely preferred for several decades because of 
the economic advantages afforded by such orbits. In a 
geostationary orbit, a satellite traveling above the 
Earth's equator, in the same direction as that in which 
the Earth is rotating, and at the same angular velocity, 20 
appears stationary relative to a point on the Earth. 
These satellites are always "in view" at all locations 
within their service areas, so their utilization efficiency is 
effectively 100 percent Antennas on Earth need be 
aimed at a GSO satellite only once; no tracking system 25 
is required. 

Coordination between GSO's and with terrestrial 
services is facilitated by designated allocation of desig- 
nated "slots" angularly separated according to service 
type. 30 

Given the desirability of geostationary satellite 
orbits and the fact that there are only a finite number of 
available "slots" in the geostationary "belt," the latter 
has been essentially saturated with satellites operating 
in desirable frequency bands up through the Ku-band 35 
(up to 18 GHz). As a result, the government has been 
auctioning the increasingly scarce remaining slots. This 
has encouraged the development of complex and 
expensive new systems including those using low Earth 
orbits (LEOs), medium Earth orbits (MEO's), and 40 
higher frequencies, for example, the Ka-band (up to 
(approximately) 40 GHz). 

Growth to higher frequencies is limited by difficult 
problems of technology and propagation, and expan- 
sion in satellite applications requires exploitation of the 45 
spatial dimension (i.e.. above and below the GSO belt). 
A host of proposed LEO and MEO systems exemplify 
this direction. 

The recently filed LEO and MEO system applica- 
tions, however, introduce a significant problem. Fre- so 
quency coordination and sharing are made difficult by 
the unstructured criss-crossings of the lines of sight of 
these systems. This has the potential of severely imped- 
ing effective spectrum use with nongeostationary orbits 
(NGSO) in general. 55 

There has been no known prior effort to exploit 
coordinatable systems of inclined geosynchronous 
orbits (IGO's) in a systematic manner, even though the 



unused domain of inclined geosynchronous orbits offers 
great potential for the coordinatable growth of satellite 
service. 

The prior art that bears the closest resemblance to 
the disclosed invention is the original, 12-hour, elliptic 
orbit, Soviet communications satellites (Molniya 1A ( 
April 1965) that shared a common ground track with 
three or four satellites per group. Over the years, a 
number of Cosmos satellites employed these highly 
elliptic Molniya orbits (44,000 km apogee, 400 km peri- 
gee, inclined 63 degrees to minimize apsidal drift) for 
military purposes. Significant differences and limitations 
(compared with the present invention) of these 12-hour 
orbits include unavoidable intertrack crossings that pro- 
hibit coordinatable growth, low coverage efficiency for a 
given region, limited operating life due to the atmos- 
pheric drag attending a low-perigee orbit, and radiation 
belt traversal. The 12-hour period also requires handoff 
at least four times daily. For these reasons, these orbits 
do not lend themselves to a large coordinated system 
with region focus. 

Listings of current orbital parameters show many 
older satellites that have deteriorated into inclined geo- 
synchronous orbits, but this is due simply to the exhaus- 
tion of station-keeping fuel. 

While the various prior techniques function with a 
certain degree of competence, none discloses the 
advantages of the coordinatable system of geosynchro- 
nous satellite orbits of the present invention as is here- 
inafter more fully described. 

Disclosure of the Invention 

An object of the present invention is to provide a 
framework for the growth of geosynchronous satellite 
services accommodating multiple service operations. 

Another object is to enable frequency re-use of 
spectrum from regional (geosynchronous) satellites in 
an easily coordinated manner analogous to that of 
geostationary services. 

Yet another object is to avoid or delay the technical 
and financial challenges of moving to still higher fre- 
quencies for expansion. 

Still another object is to provide predominately spe- 
cific hemispheric or regional coverage rather than global 
coverage. 

An additional object is to provide a satellite system 
having a greater utilization efficiency than systems 
using low Earth orbits (LEO's) and systems using 
medium Earth orbits (MEO's). 

An advantage of the present invention is that it pro- 
vides an expanded use of spectrum up through C, Ku- 
and Ka-bands, using predominately off-the-shelf hard- 
ware. 

Another advantage is that the present invention 
avoids difficulties in frequency coordination and spec- 
trum re-use, which are encountered with lower altitude 
(LEO and MEO) orbits. 
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A feature of the present invention is that it provides 
an orderly method for expanding the capacity of coordi- 
natable orbit space by a large factor, in numbers 
exceeding the capacity of the geostationary (GSO) belt. 

Another feature of the present invention is that it is 
capable of being tailored to center a service window for 
a specific service region with respect to an optimum 
time of day. 

In realizing the aforementioned and other objects, 
advantages and features of the satellite communica- 
tions system of the present invention, a plurality of coor- 
dinated and synchronized sets of moving "slots," each 
of which is a potential satellite location, is established. 

The objects, advantages and features of the 
present invention are readily apparent from the follow- 
ing detailed description of the best mode for carrying 
out the invention when taken in connection with the 
accompanying drawings. 

Brief Description of the Drawings 

A more complete appreciation of the invention and 
many of the attendant advantages and features thereof 
may be readily obtained by reference to the following 
detailed description when considered with the accom- 
panying drawings in which like reference characters 
indicate corresponding parts in all the views, wherein: 

FIG. 1 is a graphic representation of an equirectan- 
gular projection map showing a possible set of mul- 
tiple satellite ground tracks associated with satellite 
orbits populated by a plurality of satellites; 

FIG. 2 is a graphic representation, in polar coordi- 
nates, of a portion of the ground tracks of FIG. 1 as 
viewed from a specific ground site; 

FIG. 3 is a graphic representation of several possi- 
ble ground track shapes as a function of eccentric- 
ity; 

FIG. 4 is a graphic representation of several other 
possible ground track shapes as a function of argu- 
ment of perigee; 

FIG. 5 is a graphic representation of multiple satel- 
lites, increasing the system capacity, in a ground 
track at an instant in time, key parameters being 
indicated; 

FIG. 6 is a graphic representation of multiple, multi- 
ple-occupied ground tracks, increasing the system 
capacity, nested about the same longitude of sym- 
metry; 

FIG. 7 is a graphic representation of multiple, multi- 
ple-occupied ground tracks, increasing the system 
capacity, spaced in longitude; 



FIG. 8 is a graphic representation of an alternate 
set of longitudinally spaced sets of multiple, multi- 
ple-occupied ground tracks; and 

5 FIG. 9 is a graphic representation of the elevation 

angle advantage of an inclined geosynchronous 
orbit over a stationary orbit. 

The objects, features and advantages of the 
10 present invention are readily apparent from the follow- 
ing detailed description of the best mode for carrying 
out the invention when taken in connection with the 
accompanying drawing figures. 

is Best Mode for Carrying Out the Invention 

The essence of the present invention is the estab- 
lishment of multiple sets of ground tracks that are inter- 
spersed, interleaved, and/or otherwise spaced on the 

20 Earth and are populated with multiple moving slots in a 
manner that maximizes the possible number of slots 
while maintaining a specified minimum angular separa- 
tion between any two active slots at all times. 

In the present invention, the coordinatable system 

25 of geosynchronous (24-hour), inclined, and slightly ellip- 
tical satellite orbits, enables spectrum re-use by forming 
"highways" of moving "slots" in the latitudes above and 
below the geostationary belt worldwide. Each of a plu- 
rality of repeating ground tracks, or highways, is shared 

30 by multiple satellite orbits, and thus slots, each phased 
to achieve minimum specified angular separation from 
other slots using the same frequencies. 

Ground tracks are imaginary lines representing the 
loci of subsatellite points that are repeatedly traced on 

35 the surface of the Earth by lines extending from the 
center of the Earth to orbiting satellites. Ground track 
(and thus orbital) parameters are chosen to realize 
specified shapes and are located at specified longitudes 
of symmetry to maximize the total number of slots with 

40 consideration being given to specified constraints on 
separation angle, service area coverage, elevation 
angle and time coverage. Longitude of symmetry is a 
line of longitude about which a ground track is symmet- 
rically disposed. 

45 Multiple satellite systems, engaged in communica- 
tions businesses, sensing, navigation, and the like, 
operate as constituent systems within the context of this 
highway structure with a minimum of coordination, as 
contrasted with the difficulties of frequency sharing 

so experienced with low Earth orbit (LEO) and medium 
Earth orbit (MEO) systems, and are freed from the 
capacity limits of the geostationary belt. 

Preconfiguration of the elements of the satellite 
communications system of the present invention allows 

55 for an initial, partial coverage of a specified geographic 
region and for a systematic continuation of expansion 
over time until maximum capacity is reached. The sys- 
tematic expansion provides predictable satellite posi- 
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tions and facilitates the coordination of all frequency 
bands with those of other communication stations, 
space, terrestrial and mobile, to provide a variety of 
services. 

The constituent satellite communications systems 
in this mode perform with a greater utilization efficiency 
than systems using low Earth orbit and medium Earth 
orbit systems. The latter necessarily traverse oceans 
approximately 75 percent of the time, but the present 
system has a utilization efficiency of at least 50 percent. 

The present coordinatable system provides for con- 
stituent systems to cover a specific range of longitudes 
rather than global coverage. This allows service to be 
specifically targeted and also allows incremental growth 
tailored to chosen market areas. The system is also 
designed to specifically position a service window to 
best advantage at an optimum time for a service region, 
with a design bias of hemispheric-specific (north-south) 
visibility arising from eccentricity. 

For purposes of this disclosure, it should be under- 
stood that specific numerical values are introduced as 
examples and not as final design values. It should also 
be understood that, while potential orbits of a multiplicity 
of satellites are defined, moving slots are in fact being 
defined, each slot being capable of hosting at least one 
satellite, but which might be vacant or might contain one 
or more satellites of various service classes. For sim- 
plicity, the terms "satellite" and "slot" are used inter- 
changeably herein. 

Shown by FIG. 1 of the drawings is a graphic repre- 
sentation of a possible set of multiple satellite ground 
tracks, each potentially populated by multiple geosyn- 
chronous satellites. The background is an equirectan- 
gular-projection map of a major portion of the Earth, 
with the equator being represented by latitude line zero. 
The angular distances between adjacent lines of lati- 
tude are 20 degrees and those between adjacent merid- 
ians (at the equator) are 50 degrees. Inscribed upon this 
background are multiple ground tracks 1 1 in sets gener- 
ally indicated by reference numeral 12. 

FIG. 2 is a view from an observation position on the 
Earth's surface (at 50 degrees north and 0 degrees lon- 
gitude) of the paths satellites associated with the 
ground tracks shown by FIG. 1 trace across the sky. 
Shown is the central set (also respectively indicated by 
reference numerals 11 and 12 for convenient compari- 
son) and the outermost track of each of the sets 12 lat- 
erally disposed with respect thereto. The polar view 
places north at the top and east at the left; lines of con- 
stant elevation angle are circles about the origin (zenith, 
90 degrees); and the horizon (zero elevation) is the 
outer circle. 

An inherent measure of quality for any system of 
satellite positions is the minimum angular spacing 
between any two active satellites. This requirement dif- 
fers according to the type of service due to associated 
antenna sizes; for example, the GSO Ku-band spacing 
is generally 2 degrees for Fixed Satellite Service (FSS) 



and 9 degrees for Broadcast Satellite Service (BSS). 
The structure of the present invention may have to be 
configured differently, for example, for use in more than 
one frequency band, to accommodate such diverse 
5 business applications. 

The separation angle between two satellites is pref- 
erably expressed as viewed from the center of the 
Earth, which underbounds the values of the angle as 
seen from any point on the Earth's surface (and in par- 
te ticular from within a given service area) in sight of the 
two satellites. Herein, this minimum desired spacing is 
designated as 4>. 

As shown by FIG's. 1 and 2, the coordinatable sys- 
tem of the present invention, generally indicated by ref- 
15 erence numeral 1 0, includes a plurality of ground tracks 
12, accommodating coordinated sets of satellites, rep- 
resentative examples of which are indicated by refer- 
ence numerals 14 (FIG. 2). Each set includes at least 
one satellite 14. All satellites 14 operate in geosynchro- 
20 nous orbits about the Earth. For reference purposes, in 
FIG's 2 and 9, the geostationary belt is indicated by plus 
(+) characters. 

As mentioned, the path traveled by a satellite 14 in 
each orbit projects a respective imaginary ground track 
25 1 1 upon the surface of the Earth. The maximum latitude 
attained by each ground track is equal to the inclination 
of the respective orbit. The set of satellites 14 associ- 
ated with each ground track is coordinated with that 
associated with each other ground track to maximize 
30 the total number of satellites 14 allowable in a specified 
service area. The set is also coordinated to maintain a 
specific minimum separation angle as seen from any 
point within the service area. 

The coordinatable system is built up from a hierar- 
35 chy of building blocks, which include ground tracks, 
orbits, satellite-populated ground tracks, nested sets of 
ground tracks, and longitudinally spaced sets of ground 
tracks. All of these are defined by a number of parame- 
ters, which include period or semimajor axis, inclination, 
40 eccentricity, longitude of symmetry and longitude of 
ascending node, argument of perigee, true anomaly (or 
time since perigee). Parameter choices can be made to 
create a family of orbits in each ground track, as well as 
various ground tracks. Parameter choices are limited by 
45 constraints at a given level and in some cases by con- 
straints or choices at higher levels. 

Inherent in this invention is the underlying charac- 
teristic that periods of all the constituent orbits are geo- 
synchronous. Satellites operating in the inclined 
so geosynchronous orbits of the present invention have the 
same period of rotation as does the Earth that is, one 
sidereal day. The period is 23.93447 hours, or about 23 
hours and 56 minutes, identical to that for geostationary 
satellites, so that the ground track repeats daily (with 
55 occasional fine adjustments by ground control, which is 
also the case for GSO's) within a confined region of lon- 
gitudes. 

Because it reflects the orbital motion of the satel- 
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lites relative to the rotating Earth, the lowest level of 
building block hierarchy is the ground track. As indicated 
in the examples shown by FIG's. 3 and 4, geosynchro- 
nous satellites traverse repeating ground tracks whose 
shapes are a function of inclination, eccentricity and 5 
argument of perigee. The position of the ground track's 
longitude of symmetry is a specific design choice. 

In FIG. 3 ( from left to right, the ground tracks shown 
are associated with orbital eccentricities of 0.000, 
0.070, 0.140, 0.210 and 0.280 respectively, with 40 10 
degrees inclination. 

In FIG. 4, from left to right, the ground tracks shown 
are associated with arguments of perigee of -90.0 
degrees, -45 degrees, 0.0 degrees, 45.0 degrees and 
90.0 degrees respectively, while the inclination is 40 15 
degrees and the eccentricity is 0.07, 

It should be understood that the foregoing values 
associated with FIG's. 3 and 4 are but examples used 
for purposes of explanation and are not represented 
herein as being universally ideal. In FIG's. 3 and 4, apo- 20 
gee 16 is indicated by plus (+) characters, perigee is 
indicated by dots 18, true anomaly of 90 degrees (6 
hours) is indicated by dots 20 and true anomaly of -90 
degrees (-6 hours) is indicated by dots 22. 

FIG. 3 illustrates preferred ground track shapes, 25 
which embody even symmetry about a vertical axis. 
These are created by choosing an argument of perigee 
of -90 degrees. This choice favors the Northern Hemi- 
sphere with a dwell time of more than 50 percent. The 
preferred embodiment uses a moderate eccentricity, 30 1 
that is, an eccentricity large enough to prevent self- 
crossing of the ground track, to maximize the number of 
satellites that can occupy the ground track while main- 
taining the required separation angle 4>. 

FIG. 4 depicts examples of other ground track 35 
shapes that are possible through adjustment of the 
argument of perigee. At an argument of perigee of +90 
degrees, ground tracks mirroring those of FIG. 3 favor 
the Southern Hemisphere. 

It is important to note that each ground track repre- 40 
sents a substantially unlimited number of possible satel- 
lite orbits, differentiated in time. Each orbit defines an 
ellipse on a plane that is equally inclined with respect to 
the equatorial plane of the Earth. The orientation of 
each orbit plane is expressed by the inclination and the 45 
longitude of the ascending node. 

At the next hierarchical level, the orbital parameters 
of each individual satellite tracing the specified ground 
tracks require specification. The time since perigee, or 
true anomaly (the angle about the Earth's center, in the so 
orbit ellipse) is a design choice, as is the corresponding 
positioning of the desired longitude of symmetry. 

A number of alternative but equivalent parameter 
sets (alternate coordinate frameworks and transforma- 
tions) may also be used to describe the system. The 55 
present set based on the geographically fixed, repeating 
ground tracks is believed to be the easiest descriptor set 
with which to understand the concept. 



Defining the orbits of a set of multiple satellites in 
the same repeating ground track necessitates specify- 
ing additional parameters. The number of satellites in a 
track, preferably equally spaced in time (with other pos- 
sibilities acknowledged), is a design choice constrained 
by the required separation angle 4>. 

FIG. 5 illustrates, at an instant in time, multiple sat- 
ellites, thereby increasing the system capacity within a 
single ground track, and indicates key parameters. 
Shown is a ground track associated with orbits having 
an inclination of 35 degrees, an eccentricity of 0.251 , an 
argument of perigee of -90 degrees and a longitude of 
symmetry of 0 degrees. 

Multiple sets of ground tracks, each with multiple 
satellites, may be nested successively within one 
another as shown by FIG. 6. As in FIG. 2, representative 
examples of the satellites are indicated by reference 
numerals 14. The spacing between ground tracks is 
chosen through selection of each ground track's shape 
parameters. The preferred method is conservative, allo- 
cating a complete guard band of width 4> or more in all 
orientations between ground tracks at every point. With 
this approach, the phasing within each ground track is 
independent of the others. It should be understood by 
those skilled in the art of which the present invention is 
a part that other values of eccentricity and closer spac- 
ing and intertrack phase synchronization may be cho- 
sen without departing from the scope and spirit of the 
present invention. 

Additional coordinatable capacity is realized by 
adding multiple sets of multiple ground tracks with mul- 
tiple satellites, spaced in longitude as depicted by FIG. 
7 to provide worldwide coverage. As in FIG. 2, repre- 
sentative examples of the satellites are indicated by ref- 
erence numerals 14. Intersatellite crosslinks may be 
incorporated within constituent subsystems to provide 
global communications linkages. 

The sets of longitudinally spaced tracks need not 
be identical; FIG. 8 provides such a counter-example in 
which some nested groups are inverted (their argu- 
ments of perigee being +90 degrees) relative to others. 
As in FIG. 2, representative examples of the satellites 
are indicated by reference numerals 14. Many other 
combinations of parameters are possible within the con- 
text of this disclosure. 

In addition to the very high total capacity for fre- 
quency re-use mentioned in the foregoing, the coordi- 
natable system of inclined geosynchronous orbits 
provides an important performance benefit. The 
inclined geosynchronous orbits offer users higher eleva- 
tion angles (than geostationary orbits) for long durations 
per satellite. The advantage is abetted, for Northern 
Hemisphere users, by the use of eccentricity with an 
argument of perigee of -90 degrees. 

FIG. 9 illustrates the elevation angle advantage 
over geostationary orbits for a user at latitude 50 
degrees north and 0 degrees longitude for the example 
ground track satellite set of FIG. 5. FIG. 9 is a view of 
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the path traced across the sky by satellites associated 
wifh the ground track shown by FIG. 5. The path and the 
satellites are also respectively indicated by reference 
numerals 11 and 14 for convenient comparison. As in 
FIG. 2, representative examples of the satellites are 5 
indicated by reference numerals 14. The northerly bias 
of the inclined and elliptical ground track is made appar- 
ent by referring to FIG. 3, in which the 6-hour points are 
marked. Handoff, to another satellite at high elevation 
angles, is provided in the present invention with fewer 10 
satellites in the system and with longer dwell than with 
LEO's or MEO's. For reference purposes, in FIG's 2 and 
9, the geostationary belt is indicated by plus (+) charac- 
ters. 

The utilization factor of a satellite in one of the orbits 75 
of the present invention is necessarily less than that of 
GSO belt satellites, for which it is 100 percent, but 
exceeds those of the MEO and LEO satellites. Ground 
tracks with an eccentricity bias favoring the northern lat- 
itudes, generally with more than 50 percent utilization, 20 
are also usable in the southern latitudes for up to 40 
percent utilization, only a few percent being lost in tra- 
versing the GSO belt, especially for the more highly 
inclined ground tracks. 

In this disclosure, all parameters are subject to 
adjustment to produce an overall coordinatable system 
design that maximizes the total number of (moving) 
slots, subject to multiple criteria at each building block 
decision point. 

In summary, the present invention relates to a coor- 
dinatable system of geosynchronous (24-hour), 
inclined, and slightly elliptical satellite orbits which ena- 
bles spectrum reuse by forming "highways" of moving 
"slots" in the latitudes above and below the geostation- 
ary (GSO) belt worldwide. Each of a plurality of repeat- 
ing ground tracks 12 is shared by multiple satellite orbits 
(and thus slots). These are phased to achieve minimum 
specified angular separation from other slots using the 
same frequencies. Ground track (and thus orbital) 
parameters are chosen to realize specified shapes and 
are located at specified longitudes of symmetry to max- 
imize the total number of slots. Consideration is given to 
specified constraints on service area coverage, eleva- 
tion angle, and time coverage. 

The best mode illustrated herein is the best illustra- 
tion of implementation at this time but may possibly be 
bested in some performance measures by alternate 
choices within the parameter sets and criteria stated. 

While the invention has been described in detail, 
those familiar with the art to which this invention relates so 
will recognize various alternative designs and embodi- 
ments for practicing the invention as defined by the fol- 
lowing claims. 
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Claims 

1 - A coordinatable system of inclined geosynchronous 
satellite orbits (10). comprising: 



55 



a plurality of satellite positrons representing the 
maximum number of satellites (14) that may be 
included in the coordinatable system of inclined 
geosynchronous satellite orbits (10) to achieve 
optimum satellite coverage during a specified 
period within a specified service area; 
each satellite position being located in one of a 
plurality of satellite orbits forming one of a plu- 
rality of families of satellite orbits; 
each of the plurality of satellite orbits within any 
one of the plurality of families of satellite orbits 
defining an orbital plane having a unique incli- 
nation with respect to the equatorial plane of 
the Earth and with respect to the orbital plane 
of any other one of the plurality of satellite 
orbits within the same family of satellite orbits; 
the plurality of satellite orbits within any one of 
the plurality of families of satellite orbits having 
identical apogees; 

loci of subsatellite points repeatedly traced 
upon the surface of the Earth by a straight line 
extending from the center of the Earth to an 
orbiting satellite position generating an imagi- 
nary ground track (11) on the surface of the 
Earth; 

the ground track (11) traced by orbiting satellite 
positions within any one of the plurality of fami- 
lies of satellite orbits defining an area there- 
with in that differs from the area defined within 
the ground track (11) traced by orbiting satellite 
positions within any other family of satellite 
orbits; 

the ground tracks (1 1) being mutually and gen- 
erally symmetrically nested about a first longi- 
tude of symmetry to form a first set (12) of 
ground tracks; and 

the satellite positions within each of the plural- 
ity of families of satellite orbits being coordi- 
nated with each other and being further 
coordinated with the satellite positions to 
achieve a minimum specified angular separa- 
tion between satellites occupying the plurality 
of satellite positions and using the same fre- 
quencies. 

The system of claim 1, characterized in that the 
eccentricity of each satellite orbit is high enough 
with respect to the inclination thereof so that a 
ground track (11) traced by orbiting satellite posi- 
tions within each family of satellite orbits does not 
cross itself. 

The system of claim 2, characterized in that each of 
the plurality of satellite orbits is configured to posi- 
tion the maximum latitude of the ground track (11) 
traced by orbiting satellite positions within each 
family of satellite orbits at a specified longitude. 
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The system of claim 3, characterized in that the sat- 
ellites (14) in each of the plurality of families of sat- 
ellite orbits are coordinated so that they are equally 
spaced in time. 

5 

The system of claim 4, characterized by a plurality 
of additional satellite positions to generate at least a 
second set (12) of ground tracks disposed at at 
least a second longitude of symmetry. 

10 

A method of providing a coordinatable system of 
inclined geosynchronous satellite orbits (10), the 
method comprising: 

specifying at least one geographic service is 
within which satellite coverage is to be pro- 
vided; 

specifying a period during which satellite cover- 
age is to be optimized; 

defining a plurality of families of satellite orbits, 20 
each satellite orbit defining the path of a satel- 
lite position, each satellite orbit in each of the 
plurality of families of satellite orbits defining an 
orbital plane having a unique inclination with 
respect to the equatorial plane of the Earth and 25 
with respect to the orbital plane of any other 
one of the plurality of satellite orbits within the 
same family of satellite orbits, the plurality of 
satellite orbits within any one of the plurality of 
families of satellite orbits having identical apo- so 
gees, loci of subsatellite points repeatedly 
traced upon the surface of the Earth by a 
straight line extending from the center of the 
Earth to an orbiting satellite position generating 
an imaginary ground track (1 1) on the surface 35 
of the Earth, the ground track traced by orbiting 
satellite positions within any one of the plurality 
of families of satellite orbits defining an area 
therewithin that differs from the area defined 
within the ground track (11) traced by orbiting 40 
satellite positions within any other family of sat- 
ellite orbits; 

configuring each satellite orbit in each of the 
plurality of families of satellite orbits so that the 
ground tracks are mutually and generally sym- 45 
metrically nested about a first longitude of sym- 
metry to form a first set (12) of ground tracks; 
determining a maximum number of satellites 
(14), and thus of satellite orbits, that may be 
included in each of the plurality of families of so 
satellite orbits and determining the shape and 
geographic position of each ground track (11) 
to achieve minimum specified angular separa- 
tion between satellite positions using the same 
frequencies and to achieve optimum satellite ss 
coverage during the specified period in the at 
least one service area specified; and 
coordinating the position of satellites (14) in 
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satellite orbits in accordance with the deter- 
mined maximum number of satellite positions 
and the minimum specified angular separation 
therebetween. 

7. The method of claim 6, characterized in that the 
step of defining a plurality of families of satellite 
orbits, each orbit defining the path of a satellite 
position, further includes selecting an eccentricity 
for each satellite orbit that is high enough with 
respect to the inclination thereof so that a ground 
track (11) traced by orbiting satellite positions within 
each family of satellite orbits does not cross itself 

8. The method of claim 7, following the step of deter- 
mining a maximum number of satellites, further 
characterized by the step of configuring each of the 
plurality of satellite orbits to position the maximum 
latitude of the ground track (11) traced by orbiting 
satellite positions within each family of satellite 
orbits at a specified longitude. 

9. The method of claim 8, characterized in that the 
step of coordinating the placement of satellites in 
satellite orbits further includes phasing the satel- 
lites in each of the families of satellite (14) orbits so 
that they are equally spaced in time. 

10. The method of claim 9, following the step of config- 
uring each of the plurality of satellite orbits to posi- 
tion the maximum latitude of the ground track (11) 
traced by orbiting satellite positions within each 
family of satellite orbits at a specified longitude, fur- 
ther characterized by the step of including addi- 
tional satellite positions to generate at least a 
second set (1 2) of ground tracks (11) disposed at at 
least a second longitude of symmetry 



EP0 886 392 A2 



EP 0 886 392 A2 




-100 -50 0 50 100 

Longitude (Deg.) 



FIG.1 




8 



EP 0 886 392 A2 




9 



EP 0 886 392 A2 



40 



Latitude 
(Deg.) 0 



•10 



-20 



•30 



-40 



Latitude 
(Deg.) 



H 0 N 3.0 degrees 



Longitude ot 
Symmetry 




Ground 
Track 



►{ 13.5 degrees 



Longitude (Oeg.) 
12 




FIG. 5 




•160 -140 -120 -100 -80 -60 -40 -20 
Longitude (Deg.) F I G . 6 



10 



EP 0 886 392 A2 




ocir>: <pp ru¥*rcvK>A9 i > 



11 



EP 0 886 392 A2 




-100 -50 0 50 100 



Longitude (Deg.) 

FIG. 8 



NO 




S 180 



FIG. 9 

12 



